The timing, magnitude, and spatial distribution of resource inputs can have large 14 effects on dependent organisms. Few studies have examined the predictability of 15 such resources and no standard ecological measure of predictability exists. We 16 examined the potential predictability of carrion resources provided by one of the UK's 17 largest grey seal (Halichoerus grypus) colonies, on the Isle of May, Scotland. We 18 used aerial (11 years) and ground surveys (3 years) to quantify the variability in time, 19 space, quantity (kg), and quality (MJ) of seal carrion during the seal pupping season. 20
4
1 Introductionphotographs (in 2012), were made for all dead animals. 181
Carcasses recorded during the ground visual census of 2012 were scored for 182 consumption state as follow: A = intact, B = lacked both eyes and/or showed one 183 opening on the body, C = showed multiple openings, D = body looked flat and lacked 184 some internal organs, head and/or some bones, E = remains (only bones, fur and 185 skin). To assign an estimated mass loss to each consumption state, during the 2013 186 pupping season 11 experimental carcasses were deployed and weighed at regular 187 time intervals to monitor changes in mass due to scavenging activity. The mean 188 cumulative mass loss (in %) for consecutive consumption states was then 189 calculated. 190
Data analysis 191
We calculated several attributes of the carrion resources on the Isle of May from 192 aerial and ground surveys. These included the timing, quantity, quality, spatial 193 distribution, and consumption of carrion. 194
Timing of pupping 195
Mean pupping dates for the decade 2000-2010 and 2012 were compared and 196 the inter-annual variability in timing calculated. 197
Quantity of seal carrion 198
Seal carrion was divided into two sources: placentae and dead seals. The 199 annual total estimated pup production was used to calculate the mean annual 
Spatial distribution of seal carrion 257
To identify the areas of the island impacted by carcasses, the locations of 258 created by the carcasses. From here onwards, the term intensity is used only when 261 referring to kernel smoothed intensity of the point process for carcasses, while the 262 term density is used in the strict sense in all other cases. Both measurements have 263 the same units (n carcasses or placentae m -2 ). Kernel estimation is a tool used in 264 spatial ecology for detection of hotspots within the landscape (areas of high 265 abundance or biomass) (Nelson and Boots 2008) . Here, the spatial pattern of dead 266 seals was analysed in order to produce maps showing the kernel smoothed intensity 267 of the point pattern created by the carcasses. Boundaries of the island and locations 268 of dead pups were projected onto a map using the British National Grid Reference 269
System based on the OSGB36 datum (Ordnance Survey Great Britain 1936). 270
The intensity of carcasses was calculated for the area of the island within the mean 271 low water boundary (697102 m 2 ). Likelihood cross-validation was used to select the 272 proper smoothing bandwidth for each year as it assumes an inhomogeneouspersistent availability of carrion from year to year. Simple biomass density (kg m -2 ) 279 was also calculated for the whole island and for the total area formed by the above-280 mentioned polygons. Mean density (n placentae m -2 ) and biomass (kg m -2 ) of 281 placentae for the decade were also estimated considering the area of the island at 282 mean low water (697102 m 2 ). 283
Carcass consumption by scavengers 284
The consumption of carrion by gulls was calculated for the 2012 pupping 285 season. To do so, the estimated percentage of scavenged mass, calculated 286 according to the given consumption state (from A to E), was removed from each 287 carcass mass. The scavenged portion of the total biomass available was then 288 calculated as: starting mass -consumption state mass = scavenged mass. 289
Statistical analysis 290
We calculated means, standard errors, and relative standard errors (RSE = 291 standard error / mean *100) expressed as a percentage, as measures of inter-annual 292 variability of the different characteristics of the seal carrion resource (mean pupping 293 date, biomass, energy and density of both placentae and carcasses). 294
We used two-way analysis of variance (ANOVA) to test for the effect of pup 295 status (dead/alive), developmental stage (1-5), and their interaction on carcass 296
mass. 297
We used Ripley's function (Ripley 1977) to analyse inter-annual variation in 298 the spatial pattern and distribution of carcasses. This method is used in 299 epidemiology, but also in forensic science and plant ecology (Lancaster and 
Timing of mean pupping dates 337
The annual mean pupping date observed during 2000-2010 and 2012 was 30 338
October (SE = 0.58; n = 12; RSE = 1.97%) (Fig. 2a) . 339
Quantity of seal carrion 340
Aerial survey data showed that the mean pup production was 1988 (SE = 341 47.72; n = 12; RSE = 2.40%) pups per year. Therefore, the same mean number of 342 placentae was released yearly. The mean mass of a placenta was 1.6 kg (SD =13 0.24) (Table 2) and dead pups for the three developmental stages was used to calculate the 360 biomass contributed by dead pups (Table 3 ). The mean annual biomass of dead 361 seals (adults and pups) was estimated to be 3768.2 kg (SE = 713.73; n = 3; RSE = 362 18.94%). The second developmental stage contributed the greatest proportion and 363 represented 42.1% (SE = 5.16) while the mass of adult carcasses represented 364 14.6% (SE = 5.04) of the total biomass released. 365
Quality of seal carrion 366
Mean gross energy density of placentae was estimated to be 21.8 MJ•kg -1 367 (SD = 1.15). From this the estimated average annual energy delivered as placentae 368 on the Isle of May was 68.1 x 10 3 MJ (SE = 1.64; n = 12; RSE = 2.41%). 369
The biomass of dead seals was primarily composed of water (58.6%; SE = 370 1.46). Fat (18.9%, SE = 2.15) and protein (19.9%; SE = 0.62) inputs combined 371 reached 1481.7 kg•yr -1 (SE = 329.43; n = 3; RSE = 22.23%) and were estimated to 372 release 42.4 x 10 3 MJ•yr -1 (SE = 10.42; n = 3; RSE = 24.58%) of energy to the 373 ecosystem. Fat was the largest contributor to the total energy released (67.2%; SE =area unit was 0.004 kg m -2 (SE = 0.0001; n = 12; RSE = 2.50%). 379
Carcasses found on the Isle of May were distributed according to the main 380 breeding sites, mainly in the north and south of the island. The three years showed 381 similar patterns with most dead pups located above the mean high water line. 382 However, 13.1% (SE = 3.85) of carcasses occurred in the area between mean high 383 water and mean low water (166902 m 2 ). The mean kernel smoothed intensity was 384 estimated to be 0.0003 carcasses m -2 (SE = 0.00003; n = 3; RSE = 10.00%) on the 385 whole island for the three years, whereas the mean density of carcasses in the 386 polygons was 0.005 carcasses m -2 (SE = 0.001). The highest intensity each year 387 was observed in the area between Rona and North Ness, particularly in 2012 when 388 the maximum intensity was 0.03 carcasses m -2 (Fig. 4) . The union of polygons 389 characterised by an intensity equal or higher than 0.001 covered 11% of the total 390 area of the island at mean low water. Two thirds of this area was located in the north. 391
The intersection of polygons (areas shared across years) corresponded to 3% of the 392 total area of the island and 28% of the union of polygons (Fig. 5) . The biomass per 393 unit area was 0.006 kg m -2 (SE = 0.001; n = 3; RSE = 16.67%) for the whole island 394 and 0.09 kg m -2 (SE = 0.03, n = 3; RSE = 33.33%) for the area covered by the 395
polygons. 396
Initially the spatial pattern of carcasses was highly aggregated, but as the 397 value of the inhomogeneous Linhom (r) function increased, it became uniform. The 398 overlap of the three curves demonstrated that areas with carcasses were repeated 399 and had a similar distance across years, both in the north and in the south of the 400 island. The 2008 curve, however, showed a faster decrease towards uniformity 401 (Supplementary material Appendix 1 Fig. A1) . 402
Carcass consumption by scavengers 403
The mean cumulative mass loss (% of starting mass) for consecutive 404 consumption states (A-E) observed on experimental carcasses deployed in 2013 405 was calculated (Table 4 ). In 2012, the total biomass scavenged was 1032.0 kg 406 representing 21.4% of the total mass available. The energy intake by scavengers 407 was 12.8 x 10 3 MJ. 408 (expressed as number and mass of carcasses) and quality (expressed as energy) of 411 dead seals and placentae ranged between 1.97% and 24.50% of relative standard 412 errors (RSE). The spatial intensity of biomass for dead seals had the highest value 413 among all (33.33%; Fig. 6 ). The analysis of published data indicates that variability in 414 the timing of salmon spawning, quantity and biomass per unit of salmon across 415 years ranges between 1.67 and 25% (RSE). Both seal carrion and salmon runs 416
showed the lowest RSE in their timing relative to quantity and density ( Fig. 6 ; 417
Supplementary material Appendix 1 Table A1 ). 418 419
Discussion 420

Predictability of the carrion resource 421
Although predictability is a widely used concept in ecology, there has not been 422 a standard definition of resource predictability. In this study, we used relative 423 We found that a proportion of dead seals (13%) occurred between mean high 515 and low water. This means that carrion is exposed not only to gulls, but also to 516 marine scavengers (Quaggiotto et al. 2016 ). However, these carcasses may 517 represent only a proportion of carrion available to the marine system, as other dead 518 seals are likely to have been already transported by tides and waves before the 519 surveys were undertaken. To our knowledge, the effects of predictable carrion from 520 seabird and pinniped (and therefore from the wider ocean) to small areas of the 521 coastal marine environment have been little explored so far (Watts et al. 2011) . 522
523
Broader ecosystem effects 524
Repeated and predictable events lead to long term impacts on ecosystems, 525 and can promote lasting changes in the soil, microbial, and plant communities. 
